Aim: To evaluate the utility of measuring the optic nerve sheath diameter in children with shunted hydrocephalus, suspected of having raised intracranial pressure. Methods: 23 children with shunted hydrocephalus were examined, six had well controlled ICP, 17 however manifested symptoms suggestive of intracranial hypertension. A clinical history was taken from all patients and their parents or carers. The shunt valve was examined clinically, and signs of raised intracranial pressure were sought. Ultrasound examination was performed in both eyes to measure the optic nerve sheath diameters 3 mm behind the globe. These measurements were compared with control data obtained from 102 children who attended the radiology department for unrelated renal ultrasound examination. Results: Control data suggested that the upper limit of normal for optic nerve sheath diameter is 4.5 mm (measured 3 mm behind the globe) in patients over 1 year of age, and 4.0 mm in children less than 1 year of age. Those patients with functioning ventriculoperitoneal shunts had a mean optic nerve sheath diameter of 2.9 (SD 0.5) mm; those with raised intracranial pressure had a mean optic nerve sheath diameter of 5.6 (0.6) mm (p<0.0001). These results confirm that optic nerve sheath diameters in excess of the control data are strongly suggestive of raised intracranial pressure. Conclusion: The evaluation of the optic nerve sheath diameter is a simple non-invasive procedure, which is a potentially useful tool in the assessment and monitoring of children with hydrocephalus suspected of having raised intracranial pressure.
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O phthalmologists are commonly asked to provide an opinion concerning the appearance of the optic nerve head when raised intracranial pressure (ICP) is suspected, but clinical examination may not be sufficiently sensitive to be informative.
Intracranial hypertension can only be established with certainty by direct measurement of intraventricular or subdural pressure. However, it can be inferred by detecting secondary features such as papilloedema or dilatation of the cerebral ventricles. A non-invasive method of determining whether ICP is raised by using ocular ultrasound to detect dilation of the optic nerve sheath 3 mm behind the eye has recently been described. 1 2 The aim of this study was to investigate the utility of using ultrasound to measure optic nerve sheath diameter as part of the assessment of children suspected of having raised ICP.
PATIENTS AND METHODS
Children with shunted hydrocephalus aged between 10 days and 16 years were recruited between January 1997 and January 1999. The results obtained were compared with age matched normal control data collected by the same investigating group between 1997 and 1998 and published in 1999. 3 All the children underwent ultrasound examination by a radiologist. The diameter of the optic nerve sheath 3 mm behind the posterior scleral surface was measured using an Acuson 128XP 10 system with a sector 7 MHZ phased array probe (Acuson paediatric V7 transducer). To reduce anxiety levels and have the cooperation required, the examinations took place in a dimly lit room with background music, with the patients supine with a comforter if appropriate. The probe was applied with coupling gel to the closed eyelid. This method was used to reduce the cooperation required from the patient. Three measurements were taken for each optic nerve with standardised instrument settings (departmental protocol) using the digital cursor and measurement software of the Figure 1 The technique of ocular ultrasound and the image with the cursors set at 3 mm behind the globe to measure the optic nerve sheath diameter ultrasound machine (Fig 1) . The examining radiologist was aware of the clinical history and preliminary clinical diagnosis. The films were subsequently independently reviewed and the mean optic nerve sheath diameter (ONSD) determined by the lead investigator (AH) who was masked to all the clinical details. A detailed clinical history was documented from the patients or witnesses, and the children were examined for clinical evidence of raised ICP and shunt dysfunction; where possible the shunt valve was examined. The paediatric physicians and surgeons decided whether imaging of the shunt was required. Where appropriate neurological imaging was carried out. Thirteen of the patients had their optic discs examined by a member of the paediatric ophthalmology team.
On the basis of the outcome of their clinical condition and whether surgical intervention was required the children were ultimately placed into one of four groups: Group 1 comprised 102 normal children attending the radiology department for renal ultrasound examination following a urinary tract infection 3 Group 2 comprised six children with shunted hydrocephalus attending the outpatient department for routine review Group 3 comprised five children who had initial symptoms suggestive of raised ICP but whose symptoms abated spontaneously Group 4 was made up of 12 children with symptoms suggestive of raised ICP in whom it was subsequently confirmed that ICP was raised and required appropriate intervention. Four children in this group with recurrent symptomatology were followed up longitudinally for 2-12 months. The clinical details of groups 2, 3, and 4 are summarised in Table 1 .
The optic nerve sheath diameter and clinical outcome data were analysed by a single investigator (WN) who had not been involved in the patients' clinical care or the measurement of the optic nerve sheath diameter. Figure 2 shows the nomogram of the normal development of optic nerve sheath diameter in the 102 control children 3 in group 1. The range was 2.1-4.3 mm with a mean of 3.1 (SD 0.36) mm. Logarithmic regression analysis demonstrated a relation between increasing age and increasing optic nerve sheath diameter (r 2 = 0.48), with the greatest increase occurring in the first year of life. Under 1 year of age the mean ONSD was 2.9 mm, range 2.2-3.4 mm (SD 0.4), and 1 year or over the mean ONSD was 3.1 mm range, 2.3-4.0 mm, SD 0.3 (p = 0.01). Measurement of the variability in this group demonstrated that using the mean of the three values was, on average, within 0.08 mm of the true mean. 3 For the purposes of the study the upper limit of normal was defined as 4.0 mm for those under 1 year of age and 4.5 mm for older children. Table 2 shows the measurements obtained for all groups. Group 2 comprised six children with shunted hydrocephalus who were clinically normotensive and the range and mean values for the ONSD accorded with those of the control population. Group 3 comprised five children who manifested symptoms suggestive of raised ICP. These included irritability, tiredness, nausea, and headache. However, in all of these children the symptoms abated within 24 hours and in each case the optic nerve sheath diameters were less than 4.5 mm.
RESULTS
The 12 children in group 4 had been admitted to hospital with the same range of symptoms as those in group 3. However, their symptoms persisted or became worse. All of these children had optic nerve sheath diameters of 4.5 mm or greater. In each case, confirmatory tests as identified in Table  2 revealed evidence of raised ICP. In 11 cases, the shunts were revised and in one, medical treatment (isosorbide) was given.
Four patients with recurrent ventriculoperitoneal shunt problems underwent serial optic nerve sheath diameter measurements over a period ranging between 2 and 13 months. Table 3 summarises the results obtained. Measurements taken at the time of raised ICP (necessitating shunt revision) were compared with those taken during the intervening period. Figure 3 illustrates these results graphically. In every case, the optic nerve sheath diameters were within the normal range while the children were asymptomatic, but were all greater than the normal range when the ICP was elevated and symptoms were present.
DISCUSSION
The optic nerve sheath is anatomically continuous with the dura mater, and has a trabeculated arachnoid space through which cerebrospinal fluid slowly percolates. 4 The substance of the nerve seen on ultrasound examination is homogeneous with low internal reflectivity compared with the high reflectivity of the nerve sheath: this was utilised by Ossoinig 5 when he performed the first ultrasound measurement of the optic nerve using an A-scan technique, and subsequently described standardised A-scanning.
Using these echography techniques several groups have investigated the relation between the optic nerve sheath diameter as measured by A-scan and the ICP. Cennamo, 6 Gangemi, 7 and Tamburrelli 8 each demonstrated a positive linear relation between these two variables in neurosurgical patients and in particular, an immediate change in ONSD with change in ICP.
Liu and Kahn, 4 in a cadaver study, looked at the pressure gradient within the optic nerve sheath in relation to ICP and the anatomy of the optic nerve sheath. They noted that the trabeculations were most dense posteriorly being quite sparse anteriorly where the nerve sheath was thinnest and the most distensible. Although they did not measure the optic nerve sheath diameter they noted that " . . . in all of the cadavers, the bulbous portion of the optic nerve was seen to bulge or inflate somewhat as the intracranial pressure was created, but there was no obvious change in appearance along the remaining nerve . . . ."
Hansen and co-workers in 1994 presented data using a transorbital B-scan approach for the measurement of ONSD. 9 This approach allowed them to choose a distance behind the globe to consistently measure the nerve, something difficult to attain with A-scan techniques.
In 1996 Helmke and Hansen 1 2 10 went on to demonstrate, again in cadaver studies, that the ONSD increased by up to 60% at a distance of 3 mm behind the globe compared with only 35% at 10 mm thus confirming Liu and Kahn's observations. Furthermore, they went on to show that the optimal experimental scanning position was longitudinal (axial) where the least interobserver variability was found although there was no significant difference in measurement by lateral, axial, or transverse projection. This latter observation is of importance because transorbital B-scan ultrasonography looking along the optic nerve longitudinally relies on a poorer lateral resolution of the ultrasound pulse, rather than the high resolution perpendicular approach of a transverse scan. In their companion study of 39 children admitted to an intensive care unit; 24 were being treated for raised ICP, and the mean ONSD in these patients was 5.3 mm compared with the 12 patients admitted without raised ICP, in whom the mean ONSD was 3.1 mm.
From the available data in the setting of paediatric practice the possible loss of ultrasound resolution in using this method Figure 3 Diagrams relating the clinical status to the ultrasound findings in four children followed up longitudinally because of recurrent shunt dysfunction.
of B-scan is offset by its ease of use and reduced level of cooperation required of the young patients when compared with standardised A-scanning techniques. A position 3 mm behind the globe was chosen because the ultrasound contrast is greatest, the results are more reproducible, and anatomically the anterior nerve is most distensible. In the present study the average ONSD in the control group was 3.6 mm compared with 4.6 mm in the group with raised ICP. It was also noted that papilloedema was not found in the acute situation, but that increased ONSD may act as a marker for raised ICP before the development of papilloedema.
Acute intracranial hypertension in children can be difficult to diagnose because the symptoms are non-specific and direct measurement of intracranial pressure has the attendant risks of intracranial haemorrhage and infection. The advantages of ultrasound examination of the optic nerve head are that it is non-invasive, widely available, portable, rapidly performed, of relatively low cost, and it does not employ ionising radiation.
The results of the present study are encouraging. In the cases in which dilatation of the optic nerve sheath was identified, subsequent evolution of the symptomatology and further investigation confirmed raised ICP, but in all cases in which patients had suspicious symptoms but the optic nerve sheath diameter was normal, the symptoms abated; ICP measurement was not undertaken in this group as intervention was not deemed clinically necessary.
Our results indicate that measurements in excess of 4.0 mm under 1 year of age and 4.5 mm in older children suggest abnormal dilatation of the optic nerve sheath, and raised intracranial pressure should be suspected. However, as with all indirect indicators of intracranial pressure one should be cautious in interpreting negative findings. This study is too small to estimate the incidence of false negative findings.
Further studies are required to determine whether this clinical investigational approach should be adopted more widely, and to realise the potential of ultrasound examination of ONSD for the rapid diagnosis and monitoring of raised ICP. 
